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Four hundred Merkel cells (MC) have been studied by 
double-label immunofluorescence using: (1) a mono-
clonal antibody which has been previously demonstrated 
to react with MC and (2) antisera and monoclonal anti-
bodies against the 5 types of intermediate filaments. It 
was d emonstr ated that MC did not react with vimentin, 
desmin, glial acidic fibrillary protein, or neurofilament 
antisera. A strong staining of MC was observed with 2 
antisera and 2 monoclonal antibodies against keratin. 
The cytokeratin polypeptide pattern of MC is probably 
similar to that of simple epithelia. These findings attest 
to the epithelial nature of MC. 
M erkel cells (MC) are thought to be specialized mechanore-
ceptor cells present in t he skin [1] ; as the population of MC is 
very small and there exists no specific staining method for 
t hem, the only way of identifying MC is electron microscopi-
cally. This drawback might explain t he limited knowledge 
available concerning t his cell, whose origin and function still 
remain unknown more than a century after its original descrip-
t ion by Merkel. 
We recently described a monoclonal antibody reacting wit h 
rabbit MC [2]; this offered a new tool for the study of several 
aspects of MC biology. A feature of MC which could help to 
unde rstand their origin would be to elucidate t he nature of the 
protein(s) constituting the 10-nm intermediate-sized filaments 
(IF) v isible wi thin the cell by electron microscopy [1]. This 
appeared of crucial importance because IF of different cells, 
a lt hough similar in morphology, show differences in protein 
composition in cells having different embryologic origins [3]. 
Five different types of IF are current ly recognized in verte-
brates: cytokeratins in epithelial cells, vimentin in cells derived 
from embryonal mesenchyme, desmin in muscle cells, neuro-
fi laments (NF) in neuronal cells and adul t neural tissues, and 
finally glial fibrillary acidic (GFA) protein characterist ic of 
astrocytes and Bergmann glia . This distribution is striking 
because it follows well-known histologic principles. Thus, 
knowledge of t he type of IF expressed in a cell can allow the 
assessment of its origin [3]. 
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Abbreviations: 
G FA: glial fibr illa ry acidic (prote in ) 
IF: in te rmediate-s ized fil aments 
kD: kilodaltons 
KG 1: affinity purified antiserum against keratin 
KG2: antiserum against keratin 
KL1: monoclonal ant ibody aga inst keratin 
M C: Merke l cell (s) 
M Cab: Merkel ce ll monoclonal ant ibody 
NF: neurofi lament 
Pl<K1: monoclonal antibody against keratin 
RGE53: monoclonal ant ibody aga inst kera ti n 
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As MC are considered to on gmate from neural cells [1] it 
fo llows that t hey should express either NF or GFA proteins. 
We have recently shown that MC express neither NF [4] nor 
GFA proteins [5] and we demonstrate here that, like epit helial 
cells, normal rabbit MC express cytokeratins. 
MATERIALS AND METHODS 
Rabbi t lip substrate, in which MC are read ily detectable, has been 
described in detail previously (2] as well as t he monoclonal antibody 
reacting with MC (MCab) . Serial cryostat sections (4 1.11n) of frozen 
rabbit lip specimens were prepared from 10 rabbits and grouped in 
series of 3 successive sections. In each series, the 3 successive sections 
were processed as fo llows. 
Localization of M C with MCab (One-Step Indirect 
I m.munofluorescence) 
The first section was incubated with the MCab dilu ted 1:100 and 
t hen a rhodamine- labe led goat antihuman kappa light chain (Behrin g; 
batch no. A 125003A working dilut ion 1:80). 
S tudy of the Staining Patterns wit.h Various Antisera and Monoclonal 
Antibodies Against IF Proteins (One-Step Imm.un.ofluorescen.ce) 
The second section was incubated with an ant iserum to one of the 
five IF proteins: 
l. Keratin: Two antisera and three monoclonal antibodies were used: 
Antisera KG I (affinity purified antiserum against heratin) and KG2 
(antiserum against keratin): KG1 was raised in guinea pigs injected 
with bovine hoof prekeratin. Affini ty purified a ntibodies were prepared 
by passing t he serum through a column of glu taraldehyde-activated 
ultrogel AcA22 covalently linked [6] with pure bovine hoof prekeratin 
[7]; KG1 was used at a concentration of 60 11g/ ml a nd revealed with a 
fluorescein -labeled goat ant i-guinea pig immunoglobulin antiserum 
(Cappel; 1:20). KG2 was not affinity purified; it was raised in !!llinea 
pigs injected with bovine hoof prekeratin , used at a dilution of 1:40 and 
revealed as KG l. 
Monoclorwl antibodies: KLJ is a mouse monoclonal antibody obtained 
by immunization with human keratin [8]. It has been shown to react. 
by immunoblotting with keratin polypeptides of 67, 63, 57, and 55 
ktlodaltons (kD) ext racted from huma n epidermis [8]. KL1 was used 
at a dilut ion of 1:10 and revealed wi th a fluoresceinated goat antimouse 
immunoglobulins antiserum (Sigma; 1:150). 
RGE53 is a mouse monoclonal antibody obtained from BALB/ c mice 
immunized with HeLa cell cytoskeleton; it has been shown to react in 
immunoblotting with a cytoskeleton associated polypeptide with a 
molecular weight of approx imately 45,000 in both HeLa cells and 
cul tured human hepatoma cells [9]. RGE53 was used undiluted and 
revealed as KLl. 
PKI( J is a monoclonal antibody raised aga inst keratin isolated from 
a pig kidney epit helial cell line [10]. It has been shown to react in 
immunoblotting with keratin polypeptides of 41, 45, 48, and 56 kD 
extracted from a pig kidney epit helia l ce ll line [1 0]. PKK1 was used at 
a dilution of 1:10 and revealed as KL1 and RGE53. 
These t hree monoclonal ant ibodies against keratin did not react with 
other IF proteins [8- 10]. 
2. Neurofila.m.ents: A rabbit polyvalent neurofi lament antiserum (dil 
1:20) reacting with the 3 polypeptides of 200, 150, and 70 kD [11] was 
used as previously desc ribed (4] . It was revealed wit h a fluorescein -
labeled g-oa t ant i rabbit immunoglobulin serum (Behring; 1:20) . 
3. Vim entin: A monospecific guinea pig antiserum to viment.in [1 2] 
was used at a concent ration of 50 pg/ ml and revealed with a fluorescein-
labeled goat anti -guinea pig i·mmunoglobu lin ant iserum (Cappel; 1:20). 
4. Des min: A rabbit monospecific ant iserum to desmin [12] was used 
432 SAURAT ET AL Vol. 83, No.6 
Ftc. l. Cryostat sections of rabbi t lip. a and b, One·s tep indirect immunoflu orescence wi th the monoclonal antibody RGE53, showing bright ly 
/1 ua re~cen t cells (arrow) in the region where MC usually cluster (see [2]) (a x 100; b x 400). Note that RGE53 does not react with other cells 
within either epiderm is or dermis. c and d, Double- label immunofluorescence (X 1000). c shows the reaction of RGE53 antibody revealed with a 
fl uo rescein-labeled ant iserum. d shows t he reaction of MCab revealed with a rhodamine-labeled antiserum. Most MC appear to be RGE53-
positive but two of them are not stained by RGE53 (see Discussion). e and[, Double- label immunofluorescence ( X 250) . e shows the reaction of 
KLl ant ibody revealed with a fluorescein -labeled antiserum . d shows the reaction of MCab revealed with a rhodamine- labeled ant iserum. Note 
that MC are clea rly KLl -negative (arrowheads to localize 3 MC) . 
at a concentration of 33 pg/ml and revealed with a flu orescein-labeled 
goat antirabbit immunoglobulin serum (Behring; 1:20). 
!'>. Glial acidic fibrillar protein.: A rabbit serum against GFA prote in 
(OAKO Corporal ion , Sa nta Barbara, Ca lifornia; 1: 10) was used and 
revea led with flu orescein -labeled swine ant irabbit immunoglobulin 
se rum (Behrin g; I :20). 
Double- Label fm.nwnofluorescen.ce 
The third section was processed for double stain ing: both MCab and 
one of the ant isera or monoclonal antibodies aga inst IF proteins were 
mixed at a fin al dilu t ion ident ical to that of t he simple staining and 
incubated wit h the specimens for 45 min . Afte r washing for 15 min , a 
mixture of the relevant rhodamine- and fluorescein -labeled antisera 
used in the simple staining was applied to t he specimens for 20 min. 
The slides were then mounted after a fin al washing procedure of 15 
min . 
All t he dilutions were done in phosphate-buffered saline, pH 7.4, 
with 0.2 % bov ine serum albumin and 0.03 % Triton-X-100. The entire 
immunolluorescence procedure was conducted according to standard 
techniques and proper cont rols were included as previously described 
12]. 
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FIG 2 . Double-label immunofluorescence. a, c, and e show the reaction of MCab with MC (a rrows) on the parakeratotic side of the rabbit. lip 
specimen revealed by a rhodamine- labeled antiserum. b (x 400) illustrates the react i~n of the same area as A with the antivimentin serum 
revealed by a fluorescein -labeled antiserum; the ep1dermal MC (arrowheads) are not stamed whereas dermal !ibroblasts are. d (X 400) shows the 
reaction of the same area as c with the anti-GFA serum revealed by a fluorescein -labeled antiserum; the epidermal MC (arrowhead) are not 
stained whereas a reaction is observed with dermal nerve processes. f (X 100) shows the reaction of the same area as e with the antidesmin serum 
revealed by a fluorescein -labeled antiserum; the epidermal MC (arrowhead) are not. stained whereas dermal muscles are reactive. 
RESULTS 
One-Step Immunofluorescence 
Two antisera, KG 1 and KG2, and 2 of the 3 monoclonals, 
RGE53 and PKK1, directed against cytokeratins were found to 
react by one-step immunofluorescence with scattered intraepi -
dermal cells having the characteristic shape and distribution of 
MC within the rabbit lip epithelium (Fig 1) . 
Although KG 1 and KG2 uniformly stained the entire epider-
mis, the presumed MC often appeared brighter than the sur-
rounding keratinocytes, especially in the parakeratotic side of 
the rabbit lip specimen. PKK1 also reacted with some kerat i-
nocytes in the upper level of the parakeratotic epithelium. 
RGE53 reacted only with these int raepidermal scattered cells 
with no staining of the surrounding keratinocytes (Fig 1a,b )_ 
KG1, KG 2, RGE53, and PKK1 did not react with nerve proc-
esses, muscles, or dermal fibroblasts . 
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NF antiserum reacted clearly with dermal nerve processes as 
previously reported [ 4], but not with intraepidermal cells. Sim-
ilarly, GFA antiserum stained only dermal nerve processes. 
Desmin ant iserum reacted only with dermal muscles. Vimentin 
ant iserum reacted brightly with dermal fibroblasts; in the rabbit 
lip only very few intraepidermal vimentin -positive cells, pre-
sumably Langerhans cells and melanocytes, could be detected. 
None of these cells had the shape and distribution of those 
stained with RGE53 and PKKl. 
Double-Label Immunofluorescence 
Four hundred MC, as defined by a bright reaction with MCab, 
were analyzed. None was found to react with either NF (see 
[4]) GFA, desmin, or vimentin antisera (Fig 2). S imilarly KLl 
did not react with MC (Fig 1). 
In contrast KGl , KG2, RGE53, and PKKl clearly reacted 
with MC. (Fig 1). It was found t hat about 98% of MCab-
positive cells were KGl-, KG2-, and PKK1-positive as well. 
About 95% of MCab-positive cells were found to be RGE53-
positive. Careful analysis of the slides (see Fig lb,c) as well as 
t he results of the one-step immunofluorescence clearly estab-
lished that the staining of MC by these keratin antibodies was 
not due to background fluorescence of MCab. The lack of 
staining of MC in the double-label immunofluorescence with 
KLl (see Fig l e, f), as well as vimentin, desmin , and GFA 
ant isera (see Fig 2) further supported this fact. 
DISCUSSION 
Our results demonstrate that the intermediate filament pro-
teins of normal intraepidermal MC are cytokeratins in the 
rabbit lip. 
Firstly, KG1 , KG2, PKK1, and RGE53 reacted, in one-step 
immunofluorescence, with intraepidermal cells having the very 
characteristic shape and distribution of MC within the rabbit 
lip epithelium (see [2] for electron microscopy of these cells). 
Secondly, the double-label immunofluorescence demonstra-
ted that these keratin-positive cells were also stained by the 
MCab which has been previously demonstrated by immunoe-
lectron microscopy to react only with MC in these areas of the 
rabbit lip [2). That 2-5% of MCab-posit ive cells were not 
stained by the antisera or monoclonal antibodies against kera-
tin might either be due to technical problems or illustrate a 
heterogenity in the keratin pattern among the MC population. 
We could not yet establish, for example, whether a RGE53-
negative MC is either KGl- or PKK1-positive. 
Thirdly, MC were found to express none of the 4 other IF 
proteins. This observation strongly supports the finding of 
reactivity with antikeratin antibodies because it is a well-
established fact that nonneoplastic cells do not express more 
than one type of IF protein in vivo [3). 
The precise analysis of the cytokeratin polypeptide pattern 
of MC will become possible when the isolation of MC reaches 
a high degree of purity. However our present data with a panel 
of monoclonal antibodies provide some information on this 
issue. MC were KL1-negative but PKKl- and RGE53-positive; 
this would suggest t hat MC do not express polypeptides of 67, 
63, 57, or 55 kD revealed by KL1 [8) but would express some 
polypeptides in the range of 41 , 45, 48, and 56 kD revealed by 
PKKl [10], and of 45 kD revealed by RGE53 [9) . This is, 
however, an approximation because t he reactivity of these 
monoclonal antibodies has been analyzed on keratins extracted 
from human epidermis [8) and cultured epithelial cells (9,10). 
It cannot be excluded that they would not react with polypep-
tides of exactly the same molecular weights if the cytoskeletton 
proteins of MC were used as substrate. At any rate it is clear 
t hat MC express some keratin polypeptides which are not 
expressed in t he keratinocytes. Our observations strongly sug-
gest that t he cytokeratin pattern of MC is similar to that of 
simple epithelia [12). 
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Such findings demonstrate that MC express a cellular com-
ponent characteristic of an epithelial cell. That MC is an 
epithelial cell might seem discrepant with the fact that MC 
were shown to contain neuron-specific enolase [13], Met-en-
kephalin (14), and vasoactive-intestinal polypeptide [15) which 
are characteristic of "neuroendocrine" cells. However, this 
would not be the first example of a cell expressing both cyto-
keratin and biochemical properties of a neuroendocrine cell; in 
fact, cytokeratin was recently demonstrated in insulin-secreting 
islet cells [16]. MC are considered as immigrant cells that enter 
the epidermis during fetal life although this has never been 
clearly demonstrated [lJ . None of the other known intraepi-
dermal immigrant cells expresses cytokeratin; melanocytes, 
Langerhans cells [17,18], and the Thy-1 + cells in the mouse 
[19) express vimentin. 
The suggestion t hat t he MC is a specialized or modified 
keratinocyte may no longer "go against common sense" [20]. 
On the contrary, since the epidermal MC is epithelial in nature, 
it might go against common sense to consider it as an intra-
epidermal immigrant cell. This would possibly reorient the 
concepts concerning this cell and aid in establishing its func-
tion. 
We thank D. Dahl for providing NF antiserum. The illustrations 
were done by M. Pisteur and the manuscript typed by C. W asung and 
C. Fonjallaz. 
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